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Name Frequency Wave length
✦✔9✵:>✦✣✔9✵: ✤✣✣✔9;>✤✣✔9;VLF (Very Low Frequency)
✦✣✔9✵:>✦✣✣✔9✵: ✤✣✔9;>✤✔9;LF (Low Frequency)
✦✣✣✔9✵:>✦✔✵: ✤✔9;>✤✣✣✔;MF (Medium Frequency)
✦✔✵:>✦✣✔✵: ✤✣✣✔;>✤✣✔;HF (High Frequency)
✦✣✔✵:>✦✣✣✔✵: ✤✣✔;>✤✔;VHF (Very High Frequency)
✦✣✣✔✵:>✦✔✴✵: ✤✔;>✤✣✣✔;;UHF (UltraHigh Frequency)
✦✔✴✵:>✦✣✔✴✵: ✤✣✣✔;;>✤✣✔;;SHF (SuperHigh Frequency, Microwave)
✦✣✔✴✵:>✦✣✣✔✴✵: ✤✣✔;;>✤✔;;EHF (Extremely High Frequency, Millimeter wave)
✦✣✣✔✴✵:>✦✔✻✵: ✤✔;;>✤✣✣✔=;Submillimeter wave
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(!JK×$±O)T«²LC )½*TM
xyz!CN6B
xyzC)TÁÂxyzHIl!±OOë­Ì()*TxyzE
!P6CÃë (ATxyz!EP6(xyzÁ
 ¡3!$±ëT IB✔±O ÂoT33ó 
@!ãäÁ✔✯Ú✻✔"#(33QRA(¼) 
AS)T✵✯✻✔ ¡(xyz!J^ë*S#3
4"!0134S¯È"!018oA(T«²(
33QRA( J^!CTB\]!4×$
!TDX¨=>!\]_UQ[A( A!X¨=>!¢D
VWí¢DBoT✵✯✻K✵❆❏❆❍ÜY❑à❄❏❊Üà✔✯❊❋ÜÝ❂❍✔✻❍❂àj❊j❏Ü❍N(RZ[!ä\
B 
✵✯✻✔!"#+C7ûJ!4✔✥Õ✧✔k  ¡!J
%¡ìxyz!J%¡ì8o]8R^_=>!ZD6[
`a(T ¡©ª34Sxyz!018oxyz©ª
S ¡!01!­ ÂoTxyz!EP6
)*01ë!$boT IB✔OëA( A!\
·T33c)xyzCA((oT
"#A( 
      
        
          
   
E B C
   
   
  
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✔✥Õ✧✔A✔✵✯✻✔!"#+C
✥✦✵✯✻✔
✥✦✤✵✯✻✔ 
✵✯✻✔!cåæ=>()*✔✺❊✔FT✴❂✮j✔FT✶à✷✔F¦`¨!`deB A
!RST✺❊✔F34!45"6£:;<6f!=>8o³ T✶à✷✔cå
æ✔✴❂✮j✔cåægÙ*#BoT:hT✵✯✻✔Î#))D!i.
 A!8RjýÁ✔✴❂✮j✔cåæ`d) cåæ!klÎ#!mn
£o%!hQÃÄ)*✔✧✔Jõ() 
ìíîzpq)cåæ!çè✔✥Õø✔k ✴❂✮j✔cåæ!DQ>r¸
✔625 mm ✔B 
✔✥Õø✔Aìíîzpq)✔✧✔Jõ✔✴❂✮j✔cåæ!çè
Kstp✔10 cmTDQ✔625 mmN
✔✥Õø✔✔8 5 8 5. .  mm mm¥ ✔!OQ!uyJv¸✔✫✣✔wxy* 
A!v¸uyJT`¨!✔✶✰✔789✔✻✲✴✔✜✻❆j❏✔✲Ý❆{❆à❏✔✴❍Ü❑❋✢✔Á^_Q
 v¸uyJ!çè✔✥Õ✩✔k 
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✔✥Õ✩✔Av¸uyJ!}K8 5 8 5. .  mm mm¥ N
✥✦✥!"#$
	
^_w~f4✔✵✯✻T✶✔✜❆❏❂Ý✶àj❑Ý❂❏Ü❍❆❏❂Ý✢✔T
HI!✔✦✔¨B ✔✥Õ✪✔§f4!ô^k✔s✧✤u A!✔✦✔¨!f4B
}míöÁí¡¥Ñ}o!✔✶✰✔Î#A( 
Base
Collector
   
   
    
    
        
        
n-InGaAs 
(Graded collector: 40 nm)
n+GaAs (Subcollector: 700 nm)
4-inch semi-insulating GaAs substrate
p+InGaAs (Graded base: 50 nm)
n InGaP 
(Emitter: 30 nm)
Emitter cap
(90 nm)
Emitter
            
            
        
        
First metal: Au
Second metal: Au
Ta2O5
HBT MIM capacitor
          
          
            
       
TaSiN
Thin-film resistor
    
    
   
   
n-GaAs  (Collector: 110 nm)
✔✥Õ✪✔A✔✵✯✻T✶✔THI!ô^
f4DQ✔1 mm ✔!✔✮❑✔!1✔✤✔!7891✔✥✔!! !
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789!zyz!´l✔4 mm✔B !¤DQ✔2 mm
	


✜✤✢✵✯✻
✵✯✻✔!"#$%&'()*+,-(.	/0✔✵✯✻✔	
#12350 nm ✔✔✶5✴❂✮9✔)*+:✔30 nm ✔✔✶5✴❂✷✔,-(
<=>/?@350 nm ✔✔✶5✴❂✮9✔)*+#ABCD:?EFG
1HI	JKLM1:	NOMPQKRSTUV30 nm ✔
✶5✴❂✷✔,-(#WX)*+JYZU	[=T\]1:^G)*
+:,-(_`KabcdTefgKOhOMi:Oefi
#jKkh
✵✯✻✔Z`$%lmTVnoKp✔✥r✫✔tuv#&'(JYZ#)*
+JY#,-(JY	/uv&'(JY#wX	xyT
)*+JYz#{|}$,-(K~	1	#
✔✵✯✻✔KtTFG,-(#✔1 10  mµ µm × ✵✯✻✔`#
2 200  mµ µm × ✔	/
p✔✥r✫✔✔✵✯✻✔Z`no2 200  mµ µm × 
uv#&'(JYZ#)*+JY#&'(JY
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✵✯✻✔!33✔hFE✔p✔20£150 ✔B hFE✔!l\]!¤Txyz- ¡
¥¦T ¡U¦8½*§¨Q✔s✧✥u 
xyz-I¤¥3.✔VBE ✔p✔1 35. £1 50.  V ✔B VBE ✔!l33©6±ë
 T✯Ú✻✔(ª!n6«$BoT?­8½*¬­®
)DB 
Ó✔✴❂✮j✔✵✯✻✔!¯°3.✔BVCBO ✔p✔8 0.  VT BVCEO ✔p✔8 5.  V ✔B A
S)*T✶à✷✔cåæÎ#)✔✵✯✻✔"#+C✔VCE ✔✔1 5.  V ✔@ë(¯°
)Ï}B 6ST✴❂✮j✔✵✯✻✔✔✶à✷✔✵✯✻✔8o$r!i.BoT±
h 
✜✥✢'✶'✔)*
✶✔T1✔✤✔!(1✔✥✔!!²3É!³(*_ 
²3!=>()*✔Ta O2 5✔?@)*7oTl✔ 0 93
2
. / fF mm ✔B ´µ
oÃÄ)T✤✔Â!!O Ì✔150 150  m mm m¥ ✔7N)* 
	
✔✶✔39!uz()*?@ 
✜✦✢+,-.
HI✔✻❂✺❊	✔=>()* HI!3ò1✔✤✔!?@)* 
GyHIl✔25 W✔B 
	
\!¶·8	
¸¹39Jºo)* 
✥✧✵✯✻✔	

✴❂✮j✔cåæ#_Q✔✵✯✻✔»Ó¸"# ✤✬✬✧✔¼!¾	½
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¾Î#)✔✵✯✻✔p✔50 GHz ✔B½ Q@óØÙ8R
§ ^CA(T²✔300 GHz✔ 
✥✧✤01
2✔ fT ✔34	 5
2✔ fmax
Jz!<²¿5$✔ fT ✔789	
$✔ fmax✔
?½*kA(ÑÒ¸B 
fT ✔ ¡¢À!33✔h21✔✔ 0 dB ✔($)T✮✱✔ÂT
kJìûÃyûw~Tí¡¥w~¦TÄ"#<w~ÅÆ
ÇÈÉ<#=>B fT ✔!ãÊËÌÍÍ✔✜✥Õ✤✢✔B✔s✤✧u 
fT = 12pt ✔✜✥Õ✤✢✔
Î)Tt ✔f4ÏBoT
t t t t t
t t
= + + +
= + + + + +
Ê
Ë
Á
ˆ
¯
˜
ee b c cc
C
be b c
C
e c bc
kT
qI
C kT
qI
R R C
✔✜✥Õ✥✢✔
B AATt ee ✔A ¡Ð3Tt b✔Axyz®ÐTt c ✔AI¤¥®
ÐTt cc ✔AI¤¥Ð3Tk ✔AÑûÒÓJ×$TT ✔ASn6T q ✔A3Ô
fT IC✔AI¤¥33TCbe ✔Axyz- ¡TRe✔A ¡HIT Rc
AI¤¥HITCbc ✔Axyz-I¤¥TB 
fmax✔OM­®3ÕK❂jÜà✛j✔❑à❊Ý❂❏❆❍❂Ý✔❈❂❊àNGU ✔✔ 0 dB ✔($
)T	
T ØkTJì¦T$Ä"#w~ÅÆ
ÇÈÉ<#=>B fT ✔(✔ fmax✔!«Í✔✜✥Õ✦✢✔kA( 
f f
R C
T
b bc
max ª 8p
✔✜✥Õ✦✢✔
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Î)T Rb ✔AxyzHIB 
✥✧✥6789:;<#$4=>?@	AB	

Í✔✜✥Õ✥✢✔!✔t bTt c ✔789TÍ✔✜✥Õ✦✢✔!✔ Rb ✔ÙØG%û^&©-
B AAA!lbQ[*<C­ÌÂ*ØÙ 
✜✤✢CD#$
CDEÇÈÉ!✔ In Ga Asx x1- ✔T✶à✔(✔✴❂✔!Ú]g✔ x ✔78)*J%¡
ì!ëA( A!²¤Û@)*ïðZ_^(T
✔✥Õ✬✔k8Rxyz{|!J%¡ì ¡ÜÁI¤¥Ü®
Á½*ÝÞßA( Ó✔✵✯✻✔✔✶à✔!gà✔0 %✔Á✔10 %✔
CQ[*J%¡ìß* 
J%¡ì!CáT¯È"!óI¤¥Ü8Rïð
 A!\·Txyz{| 3	)*34Í<Q*✔t b✔b)T
<CÁ 
Emitter
cap
90 nm
Base
50 nm
InGaP
emitter
30 nm
Collector
150 nm
Subcollector
700 nm
Substrate
654 mm
InxGa1-xAs
X: 0.0 -> 0.1 
n InGaAs+ pGaAs n GaAs n GaAs
+
+- 4-inch GaAs
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✔✥Õ✬✔AïðZ_µxyz¢✔✵✯✻✔!ûJ
7Txyz!D^l©ª xyzC(Tt b✔
b)*✔ fT ✔ )Á)TRb ✔±Í)*✔ fmax✔ó 
xyz!Dë*Î#)✔✵✯✻✔!✔ fT ✔(✔ fmax✔!l;✔✥Õ✤✔k  ¡
kl✔2 2 10.   m mm m¥ ✔BoTz✔V VCE = 3 0.  T I mAC = 20 ✔() 
	
✔ fmax✔A(?) )½*Txy
z!D✔50 nm ✔^ 
;✔✥Õ✤✔AïðZ_^xyz!D(✔ fTT fmax✔!«
Base 30 nm 50 nm 70 nm
fT 75 GHz 72 GHz 65 GHz
fmax 77 GHz 100 GHz 86 GHz
✜✥✢EFG8#$
I¤¥{|xyz{|ßJ%¡ì✔✴❂✮j✔kâI¤¥!
J%¡ìD6[xyz(¬!ïðZ_^ÅÆ( Î)T
A!ïðZ_	 3ã68oz3.8½* Áë
3ã6!­ã34<Q 
I¤¥!D^l©ª I¤¥C(✔t c ✔b
T)Á)TCbc ✔OoTt cc ✔!±Í£✔ fmax✔!óÂ)DB 
Tz3.Si.ó 
I¤¥!Dë*Î#)✔✵✯✻✔!✔ fT ✔(✔ fmax✔!l;✔✥Õ✥✔k  ¡
kl✔2 10  m mm m¥ ✔BoTz✔V VCE = 3 0.  T I mAC = 20 ✔() 
Î#)NoI¤¥!DÂ*T fT ✔(✔ fmax✔½ 
Î)TD✔600 nm ✔Á✔150 nm✔ä(✔ fT ✔!l✔55 GHz ✔½A
(S)T	
!²«✔ fmax✔!l✔16 GHz ✔)ÁÁ½ Q
Cå*✔ fmax✔!O®æ4TÎ#)a
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150 nm✔^lB(ç) 
;✔✥Õ✥✔AI¤¥!D(✔ fTT fmax✔!«
Collector 150 nm 350 nm 600 nm
fT 105 GHz 60 GHz 50 GHz
fmax 102 GHz 90 GHz 86 GHz
✥✧✦HI)*JK>?@	AB	

Í✔✜✥Õ✥✢✔!✔t ee ✔(✔t cc ✔f4!*+&©-B A!ló0*<
CTf4´µC)*B✔Cbe ✔£✔Cbc ✔!l
ÅÆB 
✔✥Õ✤✣✔✔ fmax✔8R^C)✔✵✯✻✔!ô✔✺✶K✺❄❂àà❊à❈✔✶Üà
❊❄❍Üj❄Ü❋❆Nçèk Ü!çè✔✵✯✻✔Ék)* aè! ¡
3ò!QÜxyz3òBoTQ!QÜI¤¥3òB óÜ!ç
èT ¡3ò789xyz3ò!éêO)çèB 
✔✥Õ✤✣✔A✔✵✯✻✔!ô✔✺✶✔çèKN(xyz- ¡ êOKóN
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 ¡✔1 0.  mm ✔() A! Ììíîzë×ìí´
! ÌB xyz- ¡!¥¦zW¡u!îïð6!NB
0 2.  mm ✔() 
 xyz3ò!óô✔Cbc ✔¡õJö)* A!\·T
 xyz3ò!¶¸✔0 8.  mm ✔½ 
✥✧✧L	
✔✵✯✻✔
2MN
fT ✔(✔ fmax✔!ñl✔✽	✮✔8✔ S ✔uúy!ñ×\·Á ¡¢À!
33✔h21✔(òóWûôJ✔GU ✔Æõ)*KA( h21✔£✔GU
!ÆõÍ✔✦Õ✦✔k 
 ¡kl✔1 0 5 0. .  m mm m¥ ✔!✔✵✯✻✔I¤¥¢Àñ)(!\·
✔✥Õ✤✤✔k z✔V VCE = 2 1.  T I mAC = 13 2.  ✔() 
ö÷Q*✔✽	✮✔ñ×$!N✔110 GHz ✔BoTÓ✔✵✯✻✔!
²A!N2ë* }mÐ6*8R✔6 dB oct/ ✔!ïº)
\·T f GHzT = 160 T f GHzmax = 300 ✔$«² 
0
10
20
30
40
1 10 100
h
G
h 
  ,
 G
   
[d
B]
Frequency [GHz]
300
f   = 160 GHz
f     = 300 GHz
2 1
U
U
2
1
max
T
✔✥Õ✤✤✔A✔✵✯✻✔!«²
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✥O✵✯✻✔	
✵✯✻✔!¾	½¾=>()* ¡✔✮Ý✴❂✮j✔?@)* )Á)TA
!✔✵✯✻✔✔ J kA cmC = 100
2
 / ✔(½33©6?@(TøMù«²³
C)Tf4!«²ë×ñ×A(Á½ TúÔn6
T Ca = ∞125 ✔7*✔V VCE = 3 5.  T J kA cmC = 50 2 / ✔zûünÍ<¹º
²ÎÏ)(AT✔✥Õ✤ø✔k8R✔✤✣✣✔@✔hFE✔!l¾v+C!
30 %✔@óó) A!«²³CkJìûôjý✔✻✲✔✜✻❍❂àj{❊jj❊Üà
✲Ý❆❄❏❍Üà✔❊❄❍Üj❄Ü❋❆✢✔þ8o)(AT✥✔Â!÷D	æQ 
1✔✤✔!÷DT3òúû!✔✮❑✴❆✔Dþ 	úûzu¥KDþ
Û!XmåÐNB I¤¥3ò 	)úûzu¥!4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✔1 MHz ✔Î✔ -88 dBc Hz/ ✔WXhO½Æ
5LXÉ(ÕÁ	5·ÙhO½ÆMY✔✺✺✯✔ýþ
Ï@ML5L
Ö4ìÌÐÑ%Èw	
ÐÑu=ML	✔✵✯✻✔°Ù\ v{X✔94 GHz ✔
	✔k✬m ¡a	✔105 9.  GHz✔\MK)Z[J
{L ML	F✵✲ª✻✔56✔✳✲✻✔ÂÄ
MÓMY100 GHz ✔+ G\hO½Æ	äåSUæç
ÐÑ`»:¸JLMÔëÐÑ✔k✫m✔vÕ	
-✔✥✔{hO½Æ	✔✷❑c❉e❋❑c❉✔NO ✔108 GHz
NO✔0 92.  dBmýþ✔1 MHz ✔Î✔ -88 dBc Hz/ ✔ÐÑ`✔k✥m✔	
✔✷❑c❉e❋❑c❉✔w	 NOýþ
É(Õö	9✷❑c❉e❋❑c❉✔!æ/ï✔2 2 1 3.  .  mm mm¥
)!æ/HýÑ)NO✔0 43 2. / mW mm ✔	5·Ù
|✔2 7. ✔Y{NO@Ç6{L✷❑c❉e❋❑c❉✔JKLM!æ
/HýÑ)NOwuL&INO Ö[ \
		>L kk5	[× ¾¿q»
RÎøÑ¨C5)%ÈM!æ/HýÑ)NOwu
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"ôJ§
hO½ÆÚ✔✵✯✻✔Ö4ìÌw
✹❆❇❆❍❆Ú❄❆✔k✬m ✹❆❇❆❍❆Ú❄❆✔k✧✤m ✻❉❊c✔ÝÞ❍ß ✻❉❊c✔ÝÞ❍ß
✻❖❋❆
✺❊Ú❈©❆✔
✜❇❑Ú❅❂¥❆Ú❏❂©✢✔
✷❑c❉e❋❑c❉✔
✜✥Ú❅✔❉❂❍¥ÞÚ❊❄✢
✺❊Ú❈©❆✔
✜❇❑Ú❅❂¥❆Ú❏❂©✢
✱❑❂©✔
✜❇❑Ú❅❂¥❆Ú❏❂©✢
✳❍❆ã❑❆Ú❄❖ ✬✧✔✴✵ä ✤✣✫✔✴✵ä ✤✣✧✧✔✴✵ä ✤✣✬✔✴✵ä
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✰❉❊❋✔c❊ä❆ ✥✣ç✤✔¥¥✥ ✥✥ç✤✦✔¥¥✥ ✣✫ç✣✔¥¥✥ ✤✤ç✣✬✔¥¥✥
å❑❏❋❑❏✔❋❆❍✔
❄❉❊❋✔❂❍❆❂
✣✤✔¥✾¥¥✥ ✣✧✦✔¥✾¥¥✥ ✤✤✧✔¥✾¥¥✥ ✤✤✩✔¥✾¥¥✥
 !"#$%!"(345.#$%/	

U ýþ¼	hO½Æ	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ÚéÑ¾¿q»RÎø&I9:✦✔+ÌNOhO
½Æ	è	Qýþ¼	hO½
Æ	yI@hO½ÆÚ✔k✧✤m✔k✫m✔	¾¿^Æ✔✦
+ÌNOhO½Æ	5)NOP){	
C	^I`M✔✧✔ÌÕyýþuGQ=:NO½Æ
	hO½ÆÚJLM 	
✤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✥
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	\5	
✜✤✢	&(✔✥✔89:;	
,0
ÌojQR	¾¿✔✧✤✔J¾¿Õy	F¸
NO'ø✔100 W ✔stmnJCJNO
'ø✔✴✱✔JUV'øCJu5LP°J¾¿'(
¼	LMÌ✔✥✔?Í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	u=NO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✥✔ÌÕþ
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hO½Æ	5	5·Ù|ÌÕþä'

H½NO'øJu=	✔50 W ✔stmn✔100 W ✔qrstmn✔✥✔
[Õö)ÌÃÄ✔100 W ✔¸mno	;a	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Õþþ5L✥✔Ì8
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'ø)ýþ¼hO½ÆÌ[êëìaML	
5KNO'øJK§	UV'ø2(Fqr✔✜✥✢✔ÕíJM
 JKLMöLÖ4yUV'ø2(FJ	
Ì✔✥✔©	QR	í¤✔✪✔✔✫✔J
✔✪✔✔✧✤✔JÌNO'øJ✔100 W ✔mnstC
¦'/û¯¨CuýþML	100 GHz ✔JKLM¦'/û¯¨Cu
+1 8.  dB✔)ýþ✔0 0.  ∞✔5ML	✔✫✔Ì
NO'ø✔✴✱✔JUV'øC¦'/û¯¨Cuýþýþ
✔0 0.  ∞✔J5	5Lu=5LWML95	
 Yþ¹:5L
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✔✪✔zÌNO'øJ✔100 W ✔ ✔✫✔zÌNO'ø
stmnCJ {JîCJ
 u5L
✜✥✢	&(✔✧✔89:;	
,0
Ì✔✧✔©	Ì✔✥✔©	✔✥✔á°¾¿
✔✬✔J
éÑ¾¿✔✧✔Ìy8Q9:NO`)Nq»
RÎøJè	WMQ3Q4✔9:Æ)✔N1✔hO½Æ	
Ì✔✥✔©	✔Q5Q6 ✔9:Æ)✔ N2✔hO½Æ	Ì✔✥✔©
	ÎMKLÛï5ku»#$'r#2f¿✔L28 L31✔
N1 N2✔NO'ø	H½YýþÕþJ¼	
ðG	st	
F¸✔Q3Q4✔9:Æ	✔Q5Q6 ✔9:Æ	ÕþH½;a	
ñQ3Q4✔9:Æ	Ì✔✥✔©50 W ✔stmn
CJÕþ		NO✔N1✔JÖ4»#$'r
#2✔59 5.  W✔✔l / 4✔»#$'r#2✔ L28 ✔	✔✜✤✬✢✔JP)✔ N3
✔70 7.  W✔stmn		u:J✔ N3✔JÖ4»#$'r
#2✔84.1 W ✔✔l / 4✔»#$'r#2✔ L30 ✔	ÕJP)100 W
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stmn			J¾¿j=>Q5Q6 ✔9:Æ	
Y✔100 W ✔stmn	=:yòJNO'ø✔50 W
mnCJÕþu=M	
XJ✔Q3Q4✔9:Æ	✔Q5Q6 ✔9:Æ	þJ5	H½NO
'ø{J✔✴✱✔JUV'øu=	Cl / 4✔Î=✔ N3✔9:NO
'øC»#$'r#2µ¨5)u:J✔l / 4✔Î=✔ N1✔ö
J✔✴✱✔JUV'øu=	WMQ3Q4✔9:Æ	
u=5L N2✔JLMYÕíQ5Q6 ✔9:Æ	Y
u=5L
+_JP)✧✔îMÌÕþJ5WCJ
u=	hO½Æ#C	
5K N1✔NO'øKPó✔N2✔NO'ø✔ 70 7.  W✔✔l / 4✔»#$'r#2
Q=ü=	þH½J N1 N2✔µ¨»#$'r#2
Ju=	öJ5)Í5L u=	H½
	✔✵✯✻✔H½96 GHz ✔4ôÍ5Lþu=	
# ✔100 GHz ✔H½✔✬✔J	¾¿'(✔✦✔J
ij{Ö4✔ f GHzT = 190  f GHzmax = 240 >õh²6
hFE = 37 ✔✔✵✯✻✔á?
2îM×öh÷=»2÷#&#e)f¿øV{
J✔✴✱✔JUV'øML	FîMstùÀúû?st	
UF`ü?ML✔✵✯✻✔✔hFE✔✔17 ✔>stá?5MY
=»R28.ý$(JU"¦Æka
	✔hFE✔þ✔✥✔XJu=✔✵✯✻✔ùÀúûst5L
=»R28.5L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£¤¾¿ùÀga	5&I9:✔25 W✔
L14
L18 L26
C4
C8
R1
Output
R2
R5
C5
C9
L15
L19
L22 L23
R3 R4C6 C7
L16 L17
L20 L21
L24 L25
L27
L28
L30
L31
L29
C10 C11
Q3 Q4
Q5 Q6
Z0 = 59.5 W
Z0 = 59.5 W
Z0 = 84.1 W
Z0 = 84.1 W
N1
N3
N4
N2
VBB
VCC VCC
VCC VCC
✔✬✔z✔✧✔Ì©ýþ¼hO½Æ
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yI@hO½ÆÚ✔✵✯✻✔¾¿
✵✯✻✔	
	
 !
"#$%&'()$*+,-./0120304506
✵✯✻✔78"#-9✔9 5.  Ω✔:;+,✵✯✻✔-<=>?@:ABCD
E1+,FGH<I-JK+,LMN3 ,,:%1
12
O✔PQ✦✔STUVWX$✔100 GHz ✔06YZ
[✔PQ✬✔]D+^_`(a
✷❂❍❂e❆❏❆❍ ✽❂i❑❆
k✤✧n✔k✤✪ ✤P✩✔qe
k✤✫n✔k✥✤ ✫✤✔qe
k✥✥n✔k✥P ✩P✔qe
k✥✩t✔k✥✪ ✥✫✧✔qe
k✥✫n✔k✦✤ ✥✪P✔qe
✹✤n✹P ✥P✔v
✰✧n✰✪ ✧✦✔❋✳
✰✫n✰✤✤ ✥✫✔❋✳
[✔PQ✤✣✔{|}$✔✧✔~D+{|$D2
2 34 0 80. .  mm mm× ✔:;+2}✔✦✔~`3 &$0}
✔✦✔~`3 {|&$D+2&'G`
:;+2✧✔~{|}]+ ¡062
{|}¢£¤_✔✰✷✾✔$4501+2¦CG)§¨)-✔50 Ω ✔
✰✷✾✔©ª[✔✦Q✤✩✔06O«ª$4¬2 30 0a m= .  µ 2 70b m=  µ ✔:;
+2/6¦CG)§¨)-✔59 5.  Ω✔✔✰✷✾✔©ª✔2 20 4a m= .  µ 
2 70b m=  µ 	✔84.1 Ω ✔©ª2 7 2a m= .  µ 2 70b m=  µ ✔062D­®¦
CG)§¨)$¯°6YZ:±✔✴³✱µ✴³✱✔¶·$B¸062
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¹1¢£¤_:º»✔λ / 4✔¼✔ 4 µm✔½¾✔✥✔¿ ¤:✔✴³✱✔	
$À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5fä'
ô5LP°JKÅ
✔✤✣✔z✔✧✔Ì©ýþ¼hO½Æ
yI@hO½ÆÚ✔✵✯✻✔½¾¿ÀÁ
2 34 0 80. .  mm mm¥ 
5KUUF5	✔✵✯✻✔á?ML	hO½ÆÇÈ
J 	w?MÕyÎÏÐJÌ✔✥✔©	
Ì✔✤✔©	ij½¾¿ÀÁQ=ü=✔✤✤✔✔✤✥✔J
!æ/e» Q=ü=✔1 02 0 87. .  mm mm¥ ✔✔ 0 86 0 43. .  mm mm¥ ✔	
✔✤✤✔zÌ✔✥✔©	 ✔✤✥✔zÌ✔✤✔©	
1 02 0 87. .  mm mm¥  0 86 0 43. .  mm mm¥ 
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;✔ ✤✦✔!>?@AB89*C✔✵✯✻✔!G
V VCE = 2 0.  
 I mAC = 10 ✔HIJ>KL*
MNOPG✔97 4.  GHz ✔'QR*SNOPGTMO'QU

V'7WX6YZ✔✵✯✻✔TMONOP[\]✔94 GHz ✔^✬`✔aU\
Y*
bG✔+3 0.  dBm✔'QR*cUdZeU
Sb]G✔100 GHz ✔f!
ghZijk-l@✔✵✯✻✔	6mn[\]'QZ*
olpqrsQUbG✔1 08 2. / mW mm ✔'QU
tNOPf!gh
Z✔✷❑w❉y❋❑w❉✔✔^✥ `aU✔ 2 5. ✔|}\b~\Y*MGTMO
9Z
P✔4 ✔!	6}✔1 2 mW mm/ ✔LZ\Y
]89*
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epyT elgniS lauD elpurdauQ
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tuptuO mBd2.3- mBd4.0- mBd0.3+
ezispihC 9.0 × mm4.0 2 0.1 × mm9.0 2 3.2 × mm8.0 2
reptuptuO
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2 mm/Wm10.1 2 mm/Wm80.1 2
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noitalumislangisegraL mBd4.0+ mBd5.2+ mBd8.6+
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RBW kHz= 215 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